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ABSTRACT

A revision of the systematics of
Aust, Mus, 18(1):

EDMONDS, S, 1 197y,
.lbtgjtrnliun sipunculuns (Sipuncula). Rec. S.
The author lists 37 species and subspecies of
sipunculans  reported  from  Australin. and - has
exumined Austrulian specimens of 43 of them. Three
new speeies are  deseribed—Phascolion cronullae
from the shell of Gazameda gunnii (Reeves),
Themisie variospinosa and  Paraspidosiphon  jolin-
sfont. The other species examined are redescribed.
The Ausiralian sipunculans belong to 4 families and
12 wgenery. The genus Themiste s considered o
comprise 3 new subgenera: Themiste S.s., Lagenopsis
and Stephensoniin. The genns Centrosiphon Shipley,
1903, beevuse the type iy thought 1o be a Golfingia,
is considered to be invulid. Specimens identified by
Fdmonds  ((956) us  Aspidosiphon  klunzingeri
Selenks & de Mao are now considered to be a new
species, Paraspidosiphon johnstoni. Specimens iden-
tificd by Fdmonds (1936) as Aspidosiphan steen-
strupii Diesing are now thought to be Poraspidosiph-
an formosanus (Sato, 1939), Phascolosoma heronis
Fdmonds. 1956 is now considered to be a junior
synonym  of - Phascolosoma  stephensoni (Stephen,
1942} and Phascolosoma dunwichi Edmonds., 1956 a
junior synonym of Phascolosoma scolops (Selenka &
de  Man, 1883). Aspidosiphon elegans clegans
(Chamisso & Fysenhardt, I821) is considered to
inchude Aspidosiphun exilis Sluiter, 1902, Sugges-
tions about narcotising and dissecting specimens are
eiven and the ccology und habits of the gronp are
discussed  Maps  showing  the  distribution  of
sipunculans in Auslralia are also included.
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1. INTRODUCTION

Aim of the study

It is twenty years since the last general work on
the systematics of the Australian sipunculans was
published (Edmonds 1955, 1936). In the meantime
more specimens have been collected and changes
have been made in the systematics of the phylum.
Some of the more recently collected specimens are
new species and others are species not previously
reported from Australia. Further, the additional
specimens enable information about some of the
previously described species to be extended and
imperfections in their descriptions, and even errors
in their identification, to be corrected. The aim of
the study is to bring up to date, as far as it is possible,
the systematics of the Australian sipunculans. Seeing
that many parts of the coast, especially the northern
ones, have still not been visited by collectors it seems
almost certain that more species will be found in the
funire.

In identitying the animals 1 have relicd mostly on
the description of their external and internal
anatomy, Little or no attempt has been made to use
some of the more modern methods that are
sometimes employed to separate closely related
species and to determine new ones, for instance the









The sipunculan Aspidosiphon jukesii Baird lives
commensally in the base of the solitary corals,
Heteropsammia and Heterocyathus; the association is
wel] documented and described {(Bouvier 1895;
Sluiter 1902, Stephen and Robertson 1952; Goreau
and Yonge 1968; Yonge 1975; Rice 1976), Some of
Rice’s observations are referred to in the present
paper on p, 49, Specimens of Golfingia hespera
(Chambecrlin) were found ay commensals in the
tubes of Cerianthus (Fisher 1952) and syllids are
sometimes found in association with specimens of
Phascolin {see p. 30). A list of some molluscs
associated with sipunculans is given in Stephen &
Edmonds, 1972 p. 342

Sipunculans may contain parasites in their gut,
body fluids or tissues. The most commonly found
parasitic protozouns are sporozoans, especially
gregarines. Some of the records arc listed in Stephen
& Edmonds (1972 p. 341) and further information is
given in lones (1975b p. 349). Rhabdococles have
been reported from the gut of at least four different
sipunculons and encysted metacercaria of uniden-
tified trematodes from the intestine, brain, tenta-
cles, gonads and contractile vessel of several species
(Stephen & Edmonds 1972 p. 341). Nematodces have
been reported from the body cavity of at least three
species (Augener, 1903 p. 36(; Cdmonds, 1976 p.
222 Jones, 19753 p. 343).

Narcotisation and dissection of sipunculans

Sipunculans uare usually much more easily
indentificd if they have been relaxed before they are
preserved. The nature and arrangement of the
tentacles and the presence of hooks and spines are
readily observed if  the specimén  has  been
nareotiscd. One way of doing this is to place them in
a dish containing sca water to which is carefully
added (drop by drop) some 809 aleohol in which
some menthol has been previously dissolved, Tt may
take from a half to six hours before the animals do
not respond to louch, The specimens should then be
left avernight in 5% neutral formalin and stored in
70% alcohol.

REC. S. AUST, MUS, 1% (1).
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Not many sipunculans can be identified from their
external appearance; most require to be dissected,
One method is o pin them out under water in a dish
containing a layer of solidified paraflin wax about
20 mm thick. Place the dorsal (anal) side uppermost.
With the aid of a sharp scalpel or fine scissors and
forceps cut the body wall longitudinally along a line
just to one side of the anus. Lift up the body wall
ahead of the cut so that the jneision docs as little
damage as possible to the structures underneath.
Cut the whole length of the trunk und pin back the
flaps. Wash away coagulated blood with the aid of a
stream of water from a wash bottle,

In order to make a mount of the introvert hooks
or hody papiltae, snip off a smaull section of the skin
and place it on a slide with a drop of glycerine. Tease
up the tissue containing the hooks with the aid of
two fine needles. When the preparation is now
cxamined under low power single hooks or groups of
hooks can often be seen. Remove unwanted tissue
and cover with a cover slip, Only hooks that lie flat
should be drawn. There is no need to tease the piece
of tissuc containing the papillae.

Figures 1-3 show some structures of a dissected
sipunculan.

A glossary of terms used in sipunculan taxonomy
is given in Stephen and Edmonds (1972 pp. 8-11).

Previous systematic studies of Australian sipunculans

Records of sipunculans from Australia are
contained in the following: Stimpson (1855),
Kefersicin (1865), Baird (1868), Selenka & de Man
(1883), Augener (1903), Kesteven (1903), Fischer
(1914, 19192, 1921, 1927), Monro (1931), Wheeler
(1938), Edmonds (1955, 1956), Murina (1964a,
1972), Cutler (1977) and Gibbs (1978).

More general information about the systematics of
the phylum is given in Hyman (1959), Tétry (1959),
Fisher (1952), Stephen & Fdmonds (1972), Cutler
(1973) and Cutler & Murina (1977),
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FIGS. 1-3. Diagrams showing some of the external and internal characters of sipunculans. The specimen in Fig. | has been dissected
from the dorsal side. a, anus; as, anal shield; ¢, caecum; ¢m, circular muscle; cs, ¢caudal shield; cv, contractile vessel; dr. dorsal
retractor; f, fastening muscles; g, gonad; h, hooks; i, introvert; in, intestine; Im, longitudinal muscle; m, mesentery: md. mid-
dorsal line; mo, mouth; n, nephridia; ne, nerve cord; np, nephridiopore; o, oesophagus; p, papillae; r, rectum; sm, spindle muscle;
t, tentacles; tf, tentacular fold; tp, triangular papillae; tr, trunk; vr, ventral retractor; wm, wing muscle.
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FIGS. 4-17. Diagrams of Australian genera of sipunculans; 4, Sipunculus; 5, Xenosiphon; 6, Siphonosoma; 7, Golfingia, 8,
Onchnesoma; 9 & 10, Themiste; 11, Phascolion (in shell); 12, Phascolion (removed from shell); 13, Aspidosiphon; 14,
Paraspidosiphon; 15, Cloeosiphon; 16, Lithacrosiphon; 17, Phascolosoma (The numbers along the scale give its length in mm)
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Sipunculus indicus Peters

Sipunculus indicus  Peters, 1850 pp. 382-383:
Keferstein, 1865 p. 421, pl. 31, fig. 1; Selenka
and de Man, 1883 pp. 111-112: Edmonds, 1971
p. 137: Stephen and Edmonds. 1972 pp. 27-28.

Location of type: not known to author; specimen
from Moznmbique.

Description: Specimen  long  and  cylindrical,
Iength of trunk 410 mm and width, almost uniform,
12 mm. Posterior extremity slightly rounded and
swollen: invaginated terminal organ present, Surface
of trunk divided into small rectangular areas by
interscetion of circular and Tongitudinal muscles.
Circular annulations of trunk very noticeable.
Surface of introvert bears sub-triangular papillae.

Longitudinal musculature in 37-42 anastomosing
bands. Four retractor muscles arise at about the
same level, the ventral pair from muscles 2-4 and the
dorsal pair from 9-13 or 10-14. Alimentary canal
with well developed post-oesophagenl loop. Anus
opens anteriorly to nephridiopores. Rectum long
and fixed to body wall for most of its length. Small
caccum attached to rectum. Two long nephridia,
opening between muscles 4-5, extend back past
point ol fixation of reetractors and are attached to
hody wall for most of their length. Brain simple and
lacking a tufted organ. Contractile vesscl double.

Systematic  position: Johnston (1969: p, 43)
described Nenosiphon (Xenopsis) indicus from the
Laceadive Is, The specics has two rectractor and two
protractor muscles arising from the body wall at
different levels (Johinston 1969, fig. 3). Since he does
not refer to Sipunculny indicus Peters and does not
raise the question of synonymy it looks as if
Johnson's  “indicus” and  Peter's “tindicns”  are
different.

The Western Australian specimen, although it
shows similarities with Xenosiphon indicus Johnson,
is being described as S. indicus Peters because it
lacks protractor muscles. [ts four retractors arise
from the body wall at about the samc level. In
acldition the brain is simple and Jacks the “tufted
organs”" described for X, indicus.

S. indicus 1s long and cylindrical. Tt possesses
about 40 longitudinal muscles and the anus lies in
front of the ncphridiopores. Brain without proces-
ses, thus differing from S. robustus and 8. titubans.
Good illustrations of the specics are given in
Keferstein 1865, pl. 31, fig. 1 and in Sato 1939, pl.
19, fig. 4. No previous Australian record.

Distribution: (1) in Australia: Western Australia
at Exmouth Gull,

(2) clsewhere; Zanzibar, Madagascar, South
Africa. Billiton, South China Sea, West Caroline 1s..
Coral Sea (AMS W5734),

Specimens examined and locality: Western
Australia—Yardia Creek near Exmouth Gulf (1)
AMS W9250.

Sipunculus robustus Keferstein
(Figs. 18, 20-22)

Sipunculus robustus Keferstein, 1865 p. 421; Stephen
and Edmonds, 1972 pp. 36-37.

Sipunculus angasii Baird, 1868 p. 80; Edmonds 1955
pp. 83-86, figs. 1-4, pl. 1.

Location of type: Hamburg Museum; specimen
from Uvea (Wallis Is.), Pacific Ocean.

Description: Specimens long, eylindrical and often
stout; frequently washed up on beaches near
Adelaide after early winter storms. Colour pale pink
and slightly iridescent, Trunk 60-260 mm long, 8-
20 mm wide and usually divided into small,
rectangular areas by intersection of circular and
longitudinal muscles. Introvert short, clearly dif-
ferentiated from trunk, 15-30 mm long and 5-10 mm
wide, with numerous, posteriorly directly, scale-like
papillae but no hooks. Mouth surrounded by a
wrinkled fold, which in living specimens more
closely resembles finger-like tentacles. Posterior
extremity of trunk usually rounded and swollen but
sometimes pointed. Terminal organ present.

FIG. 18. Sipunculus robustus, (specimen
from Tasmunia), (<calec measurements
are in mm).
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FI1GS. 19-31. Fig. 19. tentacular fold of a Sipunculus (after Gibbs). Figs, 20-22, Sipunculus robustus; 20, anterior region disseeted: 21,
brain and digitate processes; 22,

subtriangular papillae from introvert, Figs. 23-25, Sipunculus titubans titubans; brain and
processes of three specimens from Qucensland: Figs. 26-27. Xenosiphon mundanus: 26, anterior region dissected; 27. brain and
tufted pracesses (after Fisher). Fig. 28. Siphonosoma cumanense; anterior region dissected. Fig. 29, Siphonosoma custrale: hooks.
Fig. 30, Siphonosoma ronimanun: hooks. Fig. 31, Siphonosoma vastum; anterior region dissected,
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Anal aperture lies well anterior to nephridiopores,
Rectum long and attuched to body wall, Smull
caceum present, Contractile vessel double.

Gonads in form of a fine. delicate loop of tissuc
arising on cach side of reetum and running across
hody wall to hasc of retractors and nerve cord.
Nephridia short, stout and free, opening between
muscles 4-5. Integumental canals lic longitudinally
between ridges of muscles, Brain bilobed and
capped anteriorly with a pad of tufted tissue.

Systematic position: This species is well known in
south-castern Australia and New  Zealand, s
distinctive features are its two protractor museles, its
long rectum, its short nephridia (in X. hranchians
they are long) and the position of the wanus well
anterior to the nephridiopores. N indictts lohnson,
1969 from the Laccadive Ts. possesses  40-45
longitudingl musclces.

Previous Australian records: Selenka and de Man
(1883); Edmonds (1955); Cutler (1977).

Distribution: (1) in Australia: New South Wales.
Lord Howe Is., Victoria and off coast of South
Australia at 1 320 m (Cutler 1977).

(2) clsewhere: New Britain: New Zealand; Chile
(Tarifino and Tomicic, 1973).

Specimens examined und localities: New South
Wiles—Gunnamatta Bay (1) SAM E1083: Pig and
Sow Shoal. Port Jackson (2) SAM EIT080: Lord
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Howe Is. (2) AMS G3950 and WI873: Bermugui (2)
AMS W2534; Botany Bay (1) AMS W2535;
Balmoral Beach (1) W1665, Victoria—Queensclilf
(1) SAM E1085; Portland (1) NMM GI1217: Port
Fairy (4) AMS WY249. Tasmania—Binalong Bay (1)
T™M KK2S.

Genus Siphonosoma Spengel

Siphonosoma Spengel, 1912 p. 264; Fisher 19504 p.
805: 1952 pp. 380-381: Stephen and Edmonds
1972 p. 43.

Type species: Siphonosoma  australe (Keferstein.
1865).

Description: Adults usually large and eylindrical,
Introvert often not well differentinted Trom trunk
and lacking scalc-like. triangular  papillac but
sometimes possessing hooks and spines. Tentacles
thread-or finger-like; no tentacular fold, Longitudin-
al muscles always divided into bands (sometimes not
readily noticed from outside), Coelomic sacs in body
wall.  Four retractors,  Spindle  muscle  arises
anteriorly from three roots und attached posteriorly
to body wall, Contractile vessel single and dorsal:
small contractile tubules usually present. Two
nephiridia (usually with large crescentic acphros-
tomes). No post-oesophageal loop.

Subgenera: Fisher (1950a p. 805) divided the
genus into three subgenera.

TABIE 1.

SUBGENERA QF SIPHONOSOMA

Subgunus Transverse Numerous rectal Type species
dissepiments vacei
Siphonosernu s.s absent absent S, australe (Keferstein)
Hesperosiphon whsent presenl S, rasinn (Selenka & de Man)
Daimosiphon presen! ithsent 5 rmuanense (Keferstein)
Remarks:  Species  of  Siphonosoma can  be 4. Brown-black, slightly bent hooks present

distinguished from those of Sipunculus beeause (1)
the introvert lacks seale-like papillae (2) the
tentacies do not [orm a fold (3) the spindle muscle
arises anteriorly from three roots and s fixed
posteriorly and (4) no post-oesophageal loop s
present in the foregut,

KEY 'O AUSTRALIAN SPECIES OF SIPHONOSOMA

1. Numerous transverse dissepiments atlached to coelomic wall
of trunk. . 8. (Siphonosoma) cumanense cumanense (p, 14)
No transverse dissepiments attached 1o coelomie walt ., .2

2. Rectum with very numerous, finger-like cueca ot villi
8. (Hesperosiphen) vasume (p o 15)

Rectum without finger-likecacca orvilli ..., ...
3 Introvert with hooks, spines or spine-like papillae ... 4
introvert without hooks, spines vr spine-like papiliaec ... .5

S. (Siphonosama) australe {p. 16)
Light-brown, blunt, papilla-like spines present
S. (Siphonnsoma) rotwmanwen (p, 1K)
5. Longitudinal muscles 30-32
8. (Siphonnsomu) boholense {p. 17)
Langitudinal muscles abour 20
S, (Siphonosoma) novaepommergniae {p, 17)

Siphonosoma (Damosiphon) cumanense cumanense
(Keferstein)
(Fig. 28)

Phascolosoma cumansense Keferstein, 1867 pp. 33-
55, pl. 6, figs 19-21.

Sipunculus deformis Baird, 1868 pp. 80-81, pl. 9, fig,
2: Edmonds, 1955 p. 90.
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FIG. 32. Golfingia herdmani, (specimens from Proper
Bay, South Australia).

Gonads at base of ventral retractors. Contractile
vessel tubular and without villi. Nuchal organ
present but not always readily noticeable. Two
cyespots.

Systematic position: The specimens fit well the
description of Centrosiphon herdmani Shipley, 1903
described from two specimens from Sri Lanka
(formerly Ceylon). No other record of the species
exists. Shipley placed them in a new genus because
they possessed, anteriorly and posteriorly, thick-
ened, *“‘chitinoid” shields and because the introvert
arose from the centre of the shield and not ventrally
to it as in Aspidosiphon. Transverse sections of the
“shields”, however, show that structurally they are
not differentiated from the rest of the body wall and
that no chitinous bodies are present. When the
specimens are relaxed the *‘shields™ usually become
less evident and sometimes disappear. Because the
presence of the shields or caps is an uncertain
character it seems unwise to use it to separate off a
new genus. The tentacles are arranged like those in
Golfingia, the papillae, the introvert hooks and the
internal anatomy of the specimens are golfingiid and
not aspidosiphonid-like. At present, it seems better
to me to call the species Golfingia (Golfingia)
herdmani rather than Centrosiphon herdmani. The
transference of the type of the genus Centrosiphon to
Golfingia makes the genus Centrosiphon invalid. 1
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FIG. 33. Golfingia margaritacea
adelaidensis, (specimen from
Aldinga Bay, South Australia).

have not been able to find Shipley’s type; it is not
deposited in either the Nat. Hist. Mus., London or
the Museum of the Zool. Dept. of the University of
Cambridge (U.K.), the places where most of his
types were lodged.

For some time I was uncertain as to whether or
not G. herdmani and G. margaritacea adelaidensis
were conspecific. I have decided against this
possibility because G. margaritacea adelaidensis
lacks hooks (they are present in all my specimens of
G. herdmani), its anterior and posterior trunk is not
modified to look like shields and globose papillae
are not present on its body wall.

The taxonomic position of the specimens,
however, is still unsatisfactory. Species of Golfingia
with shield-like structures at one or both extremities
of the trunk have been previously described, G.
(Phascoloides) rutilofusca (Fischer), redescribed by
Murina (1967) and by Cutler (1977), being one.
Golfingia sp. of Cutler (1977 p. 140) as shown in his
fig. 2 is closely related to G. herdmani and matches
some of my Australian specimens. Murina (1975a p.
1085) created Dushana, as a subgenus of Golfingia
to contain G. scutigera and G. adriatica both of
which she said, possessed shield-like modifications
at the extremities of the trunk. G. herdmani might
possibly fit in this subgenus. Both Cutler and Murina
now appear to have doubts about the subgenus
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arises whether G. misakiai a and G. trichocephala

(Sluiter), which is also being recorded in this paper

from the eastern coast of Australia, are the same
species, u species with a genetically determined set
of hooks which for some reason concerned with the
animals’s environment may either be lost or never
appear. Cutler (1973 pp. 139-144) discusses the
question, He states that his specimens of G.
iichocephala and apparently the type specimen
(since he examined it) lack hooks. Murina (1970
1977) describes G. rrichocephala as being hookless.
Neither can [ find hooks on some specimens from
Maoreton Bay, Quecnsland which 1 have called G.
trichocephala nor on some from Madagascar, sent to
me by Dr. Thomassin. Murina must consider the two
species valid because she described both of them in
her 1977 paper and | think it best to regard them so,
at present. If the two are the same it is remarkable
that specimens with and without hooks have not
been found together in the same collection.
Nevertheless many charactiers of my specimens of G,
misakiana correspond with those of G. trichocephala
e.g., size and shape, anterior region of introvert and
papillac (Murina, 1977, fig. 162), bilobed nephridia,
tour retractor muscles and even the tine striations on
the surface of the trunk and introvert, which are
present in both my spccimens of the two species.
The figures of the species were drawn from the
specimen SAM E1161. The specimens lack the large
papillac on the posterior surface of the trunk,
present in G. murinae Cutler, 1969.

Previous Australian record: Western Australia
(Fischer, 1919a).

Distribution: (1) in Australia: Western Australia
at Shark Bay, 6-9 m (Fischer 1919a); N.S.W. at
Broughton Is.

(2) elsewhere: Japan; New Guinea, Tanzania and
Easter Is. (Murina 1977 p. 238).

Specimens examined and localities: N.S.\W. at
Broughton 1., amongst roots of marine angiosperm
Posidonia (Collet and Pat Hutchings) (2) AMS
WI3157. (1) AMS WI12991, (1) SAM ET161.

Golfingia (Mitosiphon) trichocephala (Sluiter)
(Figs. 34, 40)

Apionsoma frichocephalum Sluiter, 1902 pp. 42-44,
pl. 4, figs. 8-11; Murina, 1977 p. 236.

Golfingia trichocephala Murina, 1972 p, 303; Cutler,
1973 p. 139; Cutler and Murina, 1977 p. 180.

Location of rype: Zoological Museum, Amsterdam;
specimen from near Surabaya, Java, Indonesia.

Description: Small, white-brown, slender species
with a long, almost thread-like introvert. Trunk 3.0-
31 mm long, maximum width usually less than

1 mm: curved ventrally in most specimens. Posterior
extremity pointed, Boedy wall thin and internal
structures often visible under strong light. Introvert
45 mm long in specimen with trunk 4-1 mm long;
lacking hooks and tentacles.

FIG. 34 Golfingia wichocephala, (specimen from
Moreten Bay, Queensland), Scale measurements are
in mm.

Longitudinal musculature continuous. Four slen-
der retractor muscles, a ventral pair arising very
close to nerve cord in middle of trunk and a dorsal
pair more anteriorly. Intestine lang, coiled and
slender, No rectal caecum observed in 2 dissected
specimens. Spindle muscle fixed posteriorly to body
wall. Rectum attached to body wall near anus by a
strand of tissue. Suspension at this point accounts for
what Culter (1973) described as a “‘genuflection in
the rectum”. Contractile vessel inconspicuous. Two
yellow-brown, free, bilobed nephridia of equal
length opening anteriorly to anal aperture.

Systematic position: Apiosoma trichocephalum
Sluiter, 1902 was dredged at 56 m from Indonesia
(lat, 77 25" S, long. 113° 16'E) and described as
possessing nephridia with single lobes, Cutler (1973
p. 138) re-examined Sluiter’s type and found that the
nephridia were bilobed. After a careful study of the
type specimens he concluded that G. tenuissima
Wesenberg-Lund, 1959a and G, longirostris Wesen-
berg-Lund 1959a were junior synonyms of G.
trichocephala. Murina (1977 p. 180) removed it from
the subgenus Mitosiphon and placed it in Apiosoma
which she now regards as a subgenus.

Fischer (191%a) reported Golfingia misakiana
(Ikeda) from Shark Bay, Western Australia. G,
misakiana and G. trichocephala are alike in many
respects. The former, however, is described as
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FIG. 35, Golfingia schuettei, (specimen (rom Porl
Jackson, New South Wales),

Trunk papillae may be plumply conical, globose
or short and cylindrical, the first two sometimes
arising from a narrowed base or stalk., Musculature
of body wall continuous. Two strong retractors,
separate for part or most of their length, arise in
middle or posterior half of trunk. Coatractile vessel
prominent but without villi. Wing muscle strong.
Spindle muscle arises anteriorly from two strong
roots attached to body wall on each side of just
anterior to anus. Roots, separate from wing muscle,
run under rectum and join near caecum to form
spindle muscle (much as in G. margaritacea
adelaidensis and G. herdmani). Spindle muscle free
posteriorly. Three to five fastening muscles. F1,
arising on left side of nerve cord rums to posterior
oesophagus; F2, F3 and F4 (if present) connect with
penultimate intestinal spiral and F5 with rectum.
Nephridia two, usually tubular (sometimes swollen
anteriorly), long free and opeping at about same
level as anus. Brain simple with two eyespots.
Gonads at base of retractors. Twenty to thirty
double intestinal spirals.

Systematic position: T am naming the specimens as
G. schuettei (Augener) with some reservations,
chiefly because 1 have not been able to compare
them with the type specimen.

It is possible that the specimens, especially those
from Cockburn Sound, W.A,, are the same species
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as those from Cockburn Sound which Fischer (1919
p. 281) called G. pellucida (Keferstein, 1865). The
type locality of the latter species is in the Antilles but
Fischer (1919 p. 281) says that it is “circummun-
dane”. Unfortunately Fischer gave no information
about his specimens. G. pellucida (especially long
specimens) have been reported from Indonesia,
Malaysia and the Philippines several times, (1) by
Selenka & de Man (1883) from the Philippines,
Singapore (specimens with trunk 80 mm long,
introvert 45 mm and without hooks) and Torres St.
(hooks lacking) and (2) by Augener (1903) from
Amboina (specimens 70 mm long). Selenka says that
he was not able to find any rcal difference between
specimens from the Antilles and Rio de Janeiro and
from the Philippines etc. and gave all them all the
same narme.

After comparison with specimens of G. pellucida
from the Western North Atlantic, which were
named and sent to me by Prof, E, Cutler, and some
from Curagao, collected by C. J. van der Horst
(Zool. Mus., Amsterdam) [ am inclined to think that
the Australian specimens are different. They are
much larger, cylindrical rather than flask shaped,
their tentacles are more complexly arranged, their
wing muscle is strong and the spindle muscle arises
either from a triangular flap or two strong roots,
Concerning size, Cutler (1973 p. 159) found that the
trunk of 834 specimens of G. pellucida fram the
Western North Atlantic was 3-25 mm long and 1-3
mm wide (most were 6-10 mm long). Murina (1968
p. 422; 1972 p. 302: 1977 p. 192) also repotts small
specimens. For these reasons I am reluctant to lump
my specimens with those from Curagao and the
North Atlantic. A translation of Keferstein's
description of G. pellucida is given in this paper (see
p. 25).

Phascolosoma  schuettei  Augener, 1903 was
described from a single specimen collected  at
“Sydney’ by Dr. Schiitte in 1876. Augener says that
that the specimen was with some others obtained
from the Gaéttingen Museum, The typc however, is
not in the Museum today and there is no record that
it was ever lodged there. The length of the trunk is
about 70 mwm and Augener figures its club-like
papillae and its introvert hooks. [ts tentacular crown
consists of numerous, long, yellowish tentacles
which surround the mouth in a single row. The
single-rowed nature of the arrangement is obscured
by the radially projecting folds of the tissue from
which the tentacles arise (=“Tentakelgrundes")
much as itis in Siphonosoma cumanense. The species
possesses two retractors which arise in the posterior
two-thirds of the trunk, three fasteners, 63 intestinal
spirals, a caecum and a spindle muscle not attached
posteriorly, There is no doubt that my Australian
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FIGS. 36-43. Figs. 36-38, Golfingia herdmani; 36. anterior region dissected: 37, introvert hooks; 38, posterior region of trunk. Fig. 39,
Golfingia margaritacea adelaidensis; anterior region dissected. Fig, 40, Golfingia misakiana: 41, anterior region of introvert: 42,

intravert hooks: 43, papillae from trunk.

Keferstein's fig. 23 and his description “Contractiler
Schlauch . . . , mit mehreren schr langen, cylindris-
chen Aussackungen” indicates that long tubules are
present. In which case the position of the species in
Golfingia s.s. is also uncertain.

Specimens of neither of the two species reported
from Australia have seen by me. G. coriacea
possesses hooks, G. semperi does not.

*Golfingia (Thysanocardia) coriacea (Keferstein)

Phascolosoma coriaceum Keferstein, 1865 pp. 432-3,
pl. 32, figs. 23-4; Selenka and de Man, 1883 pp.
34-5, pl. 2, fig. 15, pl. 5, figs. 50-53.

Golfingia coriacea Fisher, 1950b p. 551; Cutler, 1973
pp. 160-161; Cutler and Murina, 1977 p. 181.

Location of type: not known specimen from St.
Thomas, West Indies.
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FIGS. 44-52, Figs. 44-45, Golfingia schueutei; 44, anterior region dissected (specimen from Cockburn Sound); 45, introvert hooks. Figs.
46-51, Phascolion cronullae; 46, entire specimen; 47, anterior region dissected; 48, introvert hooks; 49-50, papillae from anterior
trunk: 51, holdfasts from trunk. Fig. 52, Phascolion collare; hardened part of holdfast.

51
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base of the introvert of the sipunculan. Of 74
randomly sclected shells, 10 (13-3%) contained
living molluses, 46 (62%%) contained Phascolion
worms and 18 (24%) were empty. Syllids were
present in 40 (879) of the 46 tubes that containcd
the Phascolion.” Dr, P. Hutchings of the Australian
Museum has identified the polychaete as Syllis
(Toposyllis) armillaris (Mueller).

Symbiotic associations between species of Phasco-
lion and a number of other animals, including the
sylid Langerhansia cornuta (Rathke) have been
previously reported (Stephen and Edmonds 1972 p.
342).

Distribution: Known only from the type locality.

*Phascolion dentalicolum Sato

Phascolosoma dentalicolum Sato, 1937 p. 165, pl. 4,
figs. 20-21, text tigs. 10-14; Cutler, 1977 p, 145,
fig., 8.

Location of type: Saito Ho-on Kai Muscum, Sendai,
Japan: type locality, Onagawa Bay, north-east
Honshu, at 23 m.

Description: Found in shells of Dentalium sp.
Introvert 15 mm, trunk 5 mm. Small spines or
hooks on introvert. Holding papillae on trunk low
and laterally compressed. Two retractors. Single
nephridium. Nephridiopore posterior to  anus,
Rectal caecum present.

Australian record: Great Australian Bight (off
South Australiay 377 28’ §, 138° 55" E at 1 360 m (18)
(Cutler, 1977). Specimens from small twisted
gastropod shells.

Distributiop: (1) in Australia: off South Australia.

(2) elsewhere: North-east Honshu, Japan.

*Phascolion pacificum Murina

Phascolion pacificum Murina 1957b pp. 1777-1781,
figs. 2a, 2b, 3a-e; 1972 p. 306; Cutler, 1977 p.
146.

Location of type: Not known to author; type locality
Kurile-Kamchatka Trench at 6 156-6 860 m.
Description: Introvert with very small hooks.
Trunk thin, small and grey-vellow. Single
retractor with three roots. Caecum situated half
or third of way from anterior end of trunk.
Nephridia fastened to body wall for whole
length.

Australian record: Great Australian Bight (off
Sauth Australia) 37° 28" S, 138 55" E at 1 320-
[ 340 m (1) (Cutler, 1977 p. 146); specimien in
empty gastropod shell.
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Distribution: (1) in Australian: off South Aus-
tralia.

(2) elsewhere: North-west Pacific Ocean, Peru-
Chile Trench, Antarctica, Pacific and Indian
QOceans,

Genus Onchnesoma

Onchnesoma Koren and Danielssen, 1875 p. 133:
1877 p. 142; Selenka and de Man, 1883 p. 130.

Description: Small sipunculans, usually pear or
club-shaped. Introvert very long and without hooks
and spines. Anus lies on introvert, well forward neir
mouth. Tentacles few or absent. Trunk covered with
papillae of varying size and shape. Longitudinal
musculature continuous. Single retractor arising
from posterior of trunk. One nephridium.

Type species; Onchnesoma steenstrypii Koren &
Daniclssen, 1875.

*Onchnesoma steenstrupii Koren & Danielssen
(Fig. 8)

Onchnesoma steenstrupii Koren & Danielssen, 1875
p. 133; 1877 p. 142, pl. 15, figs 28-36; Théel,
1905 pp. 93-96, pl. 10, figs 151-152, pl, 11, figs
157-172, pl. 13, fig. 185; Cutler, 1973 pp. 164-
166.

Location of type: Not known to author; specimen
from Kristiansund, Norway.

Description: Cutler (1973 p. 164) says that the
worms have heen aptly referred to as “‘a tiny football
on a string”. Trunk small, pyriform; length (-0-2.5

mm. maximum 4 mm and width 0-8-1:3 mm (2 000

specimens sampled—Cutler, 1973). Introvert 5-10
times length of trunk, lacking tentacles and hooks.
Only one introvert retractor. Anus lies well forward
on introvert just posterior to mouth,

Remarks: The species is well known in the north
Atlantic. Tt is distinguished from Golfingia
trichocephala (Shiter) by the position of its anus and
the presence of only one retractor and one
nephridium.

Australian record; New South Wales; off Broken
Bay (33" 3458, 152° 06'5E) (7) Murina, 1972 pp.
164-166, 304-305.

Distribution: (1) in Australia: New South Wales.

(2) elsewhere: Iceland, Scundinavia, North Sea,
North Atlantic, South-West Africa and Mediterra-
nean.

Genus Themiste

Themiste Gray, 1828 p. 8, pl. 6, figs 4, 4a; Stephen,
1964 p. 458; Rice and Stephen, 1970 p. 66,
Stephen & Edmonds. 1972 p. (93,
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FIGS. 53-52, Themiste dehamara, 53, retracted specimen from New South Wales (previously dissected), 54 specimen from Victoria.

Specimens stout rather than slender and pyriform or cven
sub-globular in shape; stems of tentacles about equal
SIZE Lo e ]

S. Specimens small to medium in size; tips of tentacles not
pigmented; usually collected in clumps of mussels or in
coral .............. e Themiste lagenifarmis (p. 41)

Spceimens medium to large in size; tips of tentacles
pigmented: usually collected in roots of marine angio-
SPETTIS v e v Thentiste cymodoceae (p. 38)

Themiste (Lagenopsis) dehamata (Kesteven)

(Figs. 53-57)

Dendrostoma dehamatum Kesteven, 1903, pp. 69-
73, pl. 7, figs 1-6.

Dendrostomum dehamatum: Edmonds, 1956, p. 296,
pl. 1, fig 1.

Themiste dehamata: Stephen & Edmonds, 1972, p.
198.

Location of type: Australian Museum, Sydney;
specimen from Balmoral, Sydney Harbor, New
South Wales.

Re-examination of three specimens: This rede-
scription is based on three of Kcsteven's original
specimens from Balmoral, New South Wales (SAM
E1210) but not the type material.

Specimens very long and slender. According to
Kesteven (1903 p. 69) they were collected on the
beach “‘at a time when there had been much rain and
heavy storms”. One cannot then discard the

possibility that the unusual shape of the specimens is
the result of the changes which take place when
sipunculans are placed in hyposmotic solutions.
Fisher (1952 p. 17) reported that three specimens of
Themiste perimeces, washed up on the beach after a
storm, were ‘“‘unnaturally lengthened”.

Body sub-cylindrical, slender, curved almost into
a circle, tapering posteriorly and pointed. Trunk of
largest 170 mm long and 7 mm wide posteriorly. Off-
white to grey in colour with posterior region darker
and almost black in one specimen. Skin smooth but
marked into small rectangular areas by fine
intersecting lines. Small, flat to slightly elevated
papillac with small, white, centrally-placed glandu-
lar pores are present in the middle of the rectangular
areas. Posteriorly placed trunk papillae black in one
specimen.

Introvert, not well differentiated from trunk, with
maximum length estimated as 50 mm; grey to yellow
and without hooks. Tentacles plumose, flecked
purple brown and, according to Kesteven, arranged
“in four stems, two of two and two of three primary
branches. In some specimens, however, the division
between the branches extends right down to the
circumoral muscular ridge, in which case there are
eight branches”. The individual tentacules seem
arranged largely in a pinnate manner along the
extended oral grooves (Kesteven, 1903, pl. 6, fig 2).
Nuchal organ prominent.
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FIG. 57, Themiste dehamata, anierior
region dissccted (one of Kesteven's
specimens), ©, caecum; cv, Contrac-
tile vessel: f1-f3, fastening muscles; i,
infrovert; in, intestine: n, nephridio-
pore; o, oesophagus; rm, retractor
muscle: rme, rectal membrane: s,
spindle muscle,

of contractile vessel. F3 attached to rectum near
rectal caecum. F2 represented by a number of
muscular threads arising from upward loop of
oesophagus which converge and join rectum near
caecum. Spindle muscle, arising anteriorly from
rectum, not attached posteriorly. Wing muscle
present. Two free tubular nephridia, opening just
posterior to anus. Two evespots near brain and a
nuchal organ lying at dorsal extremity of introvert,
Papillae on body wall small, flat with a small white
pore centrally. Eggs spherical, 0-17-0-19 mm in
diameter. Skin at posterior extremity traversed by
fine hnes.

(2) Trunk of Western Australian specimens 10-
28 mm long and with maximum width 2.5-4.4 mm,
curned inwards on the ventral side and with
posterior extremity bluntly pointed. Tentacles as in
New Zealand specimens but pigmented at their
base. Introvert hooks dark brown to black, most
pointing posteriorly. The field of hooks in ull seven
specimens. however.  extends right round rthe
introvert and well posterior to the anus (something
very unusuzl in a sipunculan), F1 fixes oesophagus
to body wall at a point between base of retractors.
F2, F3. caccum, spindle muscle. nephridia and
eyespots like those of New Zealand material,

(3) Specimens from New South Wales targer:
trunk 12-55 mm long and maximum width 7-11 mm.
Cotour predominantly grey but with muarked
vellowish tinge. Armed arca of introvert large but
not extending posterior to anus as in specimens from
Western Australia, F1 arises hetween retractors just
to left of nerve cord. F2 not reduced, arising from
body wall anterior to base of left retractor und
running o posterior oesophagus: it may connecl
with rectum near the caccum. F3 as in New Zealand
specimens. Hooks. diameter of base 0-15-0-25 mm
and length 0-15-0-22 mm.

Systematic position: This species differs from T,
lageniformis. T. cymodoceae and T. dehamata in the
possession of introvert hooks. It differs from T,
fusca which is smaller and in which the body wall is
thinner, the nuchat organ more prominent, and the
intestine shorter and more loosely wound. Tt differs
from T. variospinosa in which the introvert spines
vary very much in size, shape and orientation,

Previous Australian record: Sydney. New South
Wales (Selenka & de Man. 1883).

Distribution: (1) in Australia: New South Wales,
Tasmania. Western Australia and Queensland.

(2) clsewhere: New Zealand.

Specimens examined and localities: New Zealand
—Stewart Is., (2) SAM EI1228: cast of Otago (1)
trawled on “Tacaroa”™ SAM E1229. Tasmania—
Cales Beach, near Devonport (1) SAM E1234;,
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Jacobs Boat Harbor (1) SAM E1235. Western
Australia—Trige ls., “in limestone reef” (7)
SAM E1233 and (2) WAN 242/76; Cockburn Sound
(2) WAM 32/73, New South Wales—Coffs Harbor
(4) SAM [EI1236; Bottle and Glass Rocks (2)
SAM E1237; Long Reel (1) SAM E1238. Queens-
land—Coloundra (6) “on exposed rocky shore™
SAM E1239.

Themiste (Lagenopsis) cymodoceae Edmonds
(Tigs 38 and 63)

Dendrosioma cymodoceae Edmonds, 1956 pp. 297-
301, figs 15-16; Akesson, 1958, pp. 147-151 figs 66-
67 and 219-222.

Themiste cvmodoceae Stephen and Edmands, 1972,
pp. 197-198. fig. 102,

Location of type: Australian Museum, Sydney:
specimen from Aldinga Reef, South Australia,
amongst roots of the marine angiosperm Amphibalis
(= Cymodocea) antarctica.

Description: Adults large, robust and elongate 1o
pyriform in shape; trunk 50-90 mm long with
maximitm width of 15-25 mm posteriorly. Colour
light to dark grey with teadency to yellow brown
anteriorly; posterior region usually darker. Introvert
cylindrical, relatively short, about 5-8 mm in
diameter and lacking hooks and spines. Surface of
introvert just posterior to tentacles smooth, pale and
shiny or sometimes purplish and glossy. A light
brown or yellow band often surrounds introvert near
its middic or towards basc. Trunk of fixed specimens
tends to curve inwards slightly on ventral side. Body
wiill smooth, although covered with numerous fiat,
white papillae, 0-04-0-08 mm in diameter, each of
which bears a white glandular opening at its centre.
Body wall thick, especially posteriorly. Longitudinal
and circular musculature continuous but internal
coelomic wall traversed by oblique muscle striations.

Tentacles arising from four primary stems any of
which may subdivide so that tentacles somectimes
appear to be in 4-8 stems. Subsequent division or
redivision of stems gives rise to small, finger-like,
straw to purple-brown pinnately arranged ten-
tacules, Tip of tentacules always darker than
remainder. Tentacles (= stems and 1ientacules),
relative to length of trunk secem smaller than those of
T. lageniformis and are more bushy.

Internal anatomy resembling that of T. lagenifor-
mis. Two long, stout retractors fixed in postcrior
third of trunk. Oecsophagus thin-walled, running
between retractors as far as their base and then
tooping sharply upwards to a point ncar rectum;
intestine long and spirally coiled. Rectum short and
carrying a caecumn. System of intestinal fasteners
variable. Oesophagus always fastened near base of
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FIG. 58. Themiste cymodoceaé, (specimen from Aldinga
Bay, South Australia).

retractors by 1-4 short threads (F1), usually arising
between bases of retractors on left side of nerve
cord. F2, arising ncar left retractor and connecting
with upward loop of oesophagus near the first spiral,
may or may not be preseni, F2 may bifurcate or an
additional fastener (F2a), arising close to F2, may
also connect with oesophagus. In a few specimens F2
may connect solely or in part with last or
penultimate iniestinal spiral. F3, present in all
specimens, is shorter and stouter than F2, arises on
right side of nerve cord in anterior half of trunk and
connects with last intestinal spiral or rectum where,
latter joins the intestine. Spindle. muscle strong,
arising anteriorly from beneath a rectal membrane,
but not attached posteriorly. Contractile vessel
attached to oesophagus as far as base of retractors
and bearing very numerous short sometimes
branching villi, which are larger and very denscly
clustered posteriorly. Nephridia thin, brown in
colour, free, about one third as long as trunk and
opening at about level of anus or usuafly just
posterior to it. Gonads at base of retractors. Nuchal
organ not as prominent as in T, dehamara.

Systematic position: T. cymodoceae is closely
related to T. lageniformis, Although in 1956 1
admitted that the two might be extreme varieties of
the same species 1 now consider them different, T.
cymodoceae grows to a larger size, its tentacles are
more bushy and plumosc and are pigmented at their



A REVISION OF THE SYSTEMATICS OF AUSTRALIAN SIPUNCULANS (SIPUNCULA) 39

FIG. 59 Themiste fusca, (specimen from South FIG. 60. Themiste huttoni, (specimen from Long Reef,
Australia). New South Wales).
FIG. 61. Themiste lageniformis, {specimen from Curtis FI1G. 62. Themiste variospinosa, (specimen from Queensland).

Is., Queensland).
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Distribution: (1) in Australia: South Australia.
(2) elsewhere: New Zealand.

Specimens examined and localitics: South Aus-
tralia—Point  Wittelbee, Eyre Pcninsula (15)
SAM E1240; Coffin Bay (16) “in calcareous reef
between tide levels” SAM E1241; Kellidie Bay
(near Coffin Bay) (7) “in limestone reef”; Port
Willunga and Aldinga (both south of Adelaide) (30)
SAM E1243; Encounter Bay (in limestone reef in
front of Yilkie Post Office) (20) SAM E1249; Proper
Bay, near Port Lincoln “burrowing in limestone reef
exposed at mid-tides” (8) SAM E1242.

by

Themiste (Lagenopsis) lageniformis Baird
(Figs 61, 70)

Themiste lageniformis Baird, 1868, pp. 98-99, pl. 10,
fig. 3; Rice and Stephen, 1970, pp. 66-67, pl. 3,
figs 12-13; Stephen & Edmonds, 1972, p. 205,

Dendrostoma signifer Selenka & de Man, 1883, pp.
86-87, pl. ii, pl. 11, figs 163-164.

Dendrostomum signifer: Edmonds, 1956, p. 297, pl.
1, fig. 2.

Location of type: British Museum (Nat. Hist.,
London); specimen from Australia.
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FIGS. 63-70. Fig. 63, Themiste cymodoceae; dissected specimen. Fig. 64, Themiste huttoni; introvert hooks, Figs. 65-67, Themiste fuscu;
65, introvert hooks: 66, papillae on trunk (figs, 65 & 66 to same sale): 67, dissected specimen. Figs, 68-69, Themiste variospinosa;
68, introvert hooks: 69. dissected specimen. Fig. 70, Themiste lageniformis: branching contractile villi.
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FIGS. 71-88. Figs. 71-79. Aspidosiphon elegans; 71, dissected specimen; 72, intravert; 73, introvert hooks (from posterior region); 74-
75, introvert hooks with twe points; 76, hook from Aspidosiphon exilis Sluiter; 77, spines from introvert; 78, larger spine from
pasterior region of introvert: 79, papilla fron anterior region of runk (Figs. 74. 75 & 77 to same scale). Fig, R0, Aspidosiphon
hartmeyeri; introvert hook (after Fischer). Figs. 80-86, Aspidosiphon inquilinus; 81, entire animal; 82, anal shield: 83, small papilla
from introvert; 84, single pointed hook from introvert;, 85, spiny papilla from anal shield: 86, dissccted specimen. Figs. R7-88,
Cloeosiphon aspergillus; 87, anterior cap: 88, introvert hook.
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Anal and caudal shields strongly differentiated
Irom trunk and brown to dark brown in colour. Anal
shield subtriangular with about 14-18 longitudinal
furrows, surmounted by hard, warty and knohby
papillae which are usually arranged so as to form
approximately 3-5 transverse furrows. A featurce of
the shield is that 6-15 of the most anterior placed
papillac arc modified to form spine-like structures.
Caudal shield conical with about I8 complete and
incomplete furrows.

Introvert (not completely evaginated in any
specimen) abont as long as trunk or little longer,
slender and about 0-5 mm wide. No tentacles
observed in a dissected specimen but this point
needs checking. Anteriorly introvert bears 25 or

more rows of very small single-pointed hooks about

(:015-0-020 mm tall and wide. Between rows of
haoks and over most of surface of introvert are
numerous, small, tubular papillae ar glands about
0-02 mm tall, Spines are also distributed over surface
of introvert.

Papillae or skin bodies on trunk mostly elliptical in
shape. Longitudinal musculature continuous, Intro-
vert retractor single for over half its length but
arising from two shorter roots attached to or near
caudal shield. Oesophagus emerges from between
roots of retractor and loops up: single fastening
muscle attached to it. Spindle muscle fixed
posteriorly and a wing muscle present, Rectum with
small conical caecum. Two free nephridia, about
half as long as trunk, attached to body wall at about
level of anus.

Systematic position: 1 have compared these with
the holotype of A. inquilinus Sluiter, described from
a single specimen found in a Dentalium shell in the
Timor Sea (8°25° S, 127° 18’ E) and consider them to
be the same. The holotype is cylindrical and ity
shiclds are well defined. The anterior shield,
however, 1s obliquely inclined to the longitudinal
axis of the trunk but in the opposite way to the usual,
its anterior region is tucked in and slopes down to
the introvert (the effect is produced by the
contraction of the longitudinal musculature nearby
in the trunk), One important point, not mentioned
by Sluiter, is that a few of the knob-like papillac
which comprise the anterior part of the anal shield
are modified to form sharply pointed hooks or spines
which are obscured to some extent in the holotype
by the introvert, The introvert retractor of the
holotype (a dissected specimen) is single for well
over half its length and arises from two shorter roots
fixed to the trunk near the caudal shield. The
specimens from Moreton Bay are smaller and so are
their hooks. They possess a caecum and an intestinal
fastener, neither of which is mention in the type
description. Unfortunately, owing to the frail and
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damaged condition of the gut, it is difficult to say
whether the structures are now present in the
holotype or ever were.

FI1G. R9. Aspidosiphon  inquilinus, (two  specimens
from Morzton Bay, Queensland; one in shell of
Penralitemn).

The Australian specimens are also closely related
to Aspidosiphon kovaleskii Murina, 1964a collected
from the shells of Dentalium sp. in the Adriatic and
Acgcan Scas. They differ, however, from A.
kovaleskii in that (1) externally they possess spines
and tubular papillae on the introvert and (2)
internally they possess a caecum, only one fastening
muscle and ncphridia which are free and not
attiached,

Murina, 1972, p. 295 reported A. exhaustus
Sluiter, 1912 living in the dead shells of gastropods
(Miira sp.) from the coasts of New South Wales and
Western Australia. A, exhaustus, however lacks the
spine-like structures on its anal shield and is
consequently thought to be different,

No previous Australian record.

Distribution: (1) in Australiaz: Moreton Bay,
Quccensland.

(2) elsewhere: Timor Sea (Siboga Stn, 282),

Specimens examined and localities: Three speci-
mens from shells of Dentalium sp. collceted during
Moreton Bay Survey, Qucensland by Stephen Cook
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FIG. 80, Paraspidosiphon formosanus,

(specimen
from Queensland).

indentation on the right side of the clear arca shown
in fig. 59 of Sato (1939). Although all spines are
single pointed, their shape varies considerably; some
closely resemble single pointed hooks, some are
more tetrahedral and others more slender and
pointed, The variation is much like that shown for P.
grandis in fig. 49 of Sato (1939).

Two introvert retractors, arising from muscles 2-5,
2-6, or 3-7 a short distance in front of caudal shield,
remain separate for about one to two thirds of length
of trunk before fusing to form a stout, single
retractor, Oesophagus, carrving a simple contractile
vessel, is attached to single retractor. Intestine with
about 22 double spirals and rectum with a caccum.
Spindle muscle strong and fixed posteriorly. No
fixing muscle. Nephridia long (extending to
posterior extremity of trunk), fixed for about half
their length and opening at about same level or just
posterior to that of anus. Brain simple with 1wao
eyespots..

Sytematics: Although the internal anatomy is very
much like that of P. steenstrupii (Diesing), the hooks
of these specimens lack the thin tongue-like
extension of the clear area shown in fig, 192 of
Selenka & de Man (1883) and in pl. 1 fig. 4 of
Augener (1903), The shape of the hooks is close to
that of P. ambonensis (Augener, 1903). The shields
of the latter, however, are furrowed. The specimens

are also close to P. makoensis (Sato, 1939) and P.
formosanus  (Sato, 1939), two species which
themselves are allied. The shape of the hooks of the
Australian specimens corresponds to those of the
latter.

Edmonds (1956, p. 307 and fig. 19) described
some specimens from Heron Is., Queensland as P.
steenstrupii. 1 now think that this identification was
wrong. The hooks, as shown in fig. 19, are like those
of the specimens which 1 am now describing from
Magnetic Is. and lack the tongue-like extension of
the clear arcas as shown by Selenka & de Man and
Augener. Consequently the record of 1956 is now
placed in the synonymy of P. formosanus.

No previous Australian record.
Distribution: (1) in Australia: Queensland.
(2) elsewhere: Formosa, Guam,

Specimens examined and localities: Queensland
—Low Is., (2) SAM E1275: Magnetic Is. (2) SAM
E1277.

*Paraspidosiphon steenstrupii (Diesing)

Aspidosiphon steenstrupii Diesing, 1859, p. 767, pl.
2, figs 1-6; Selenka & de Man, 1883, pp. [16-
118, pl. I, figs 12-13, pl. 13, figs 190-192.

Paraspidosiphon steenstrupii: Stephen & Edmonds,
1972, p. 254,

Location of typer Not known by author; specimen
from St. Thomas.

Remarks: This species differs from P. formosanus
in possessing introvert hooks in which the clear area
carries a thin tongue-like extension, much like that
of Aspidosiphon elegans. Edmonds (1956, p. 307,
fig. 19) described some specimens from Low Is, as P.
steenstrupii. 1 now think that they should have been
called P. formosanus and am transferring the 1956
record to the synonymy of P, formosanus. P.
steenstrupii has often been recorded from tropical
and subtropical seas.

Australian record: Low Is., Queensland (Monro.
1931),

Distribution: (1) in Australia: Low Is., Queens-
land.

(2) elsewhere: West Indies; Brazil; Muauritius:
Red Sea; lLaccadive Is.; Japan; Philippincs; New
Hebrides; Indo China; Loyalty Is., and Cuba.

Paraspidosiphon johnstoni n. sp.
(Figs. 91, 100-102)

Aspidosiphon  klunzingeri: Monro, 1931, p. 34:
Edmonds, 1956, pp. 308-9, fig. 20, pl, 3, fig. 1.
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Location of type: Australian Museum, Sydney:
specimen from coral in Moveton Bay, Queens-
land (coll. Prof. T. H. Johnston).

Deseription: Trunk usually cylindrical, sometimes
curved ventrally, 20-45 mm long and 3-5 mm wide.
Introvert, arising ventrally from trunk, is in fixed
specimens about as long as or a little longer than
trunk and armed anteriorly with very numerous
(165) rows of single pointed hooks with a stout base
and a curved tip. Hooks in posterior rows noticeably
sialler than those in anterior rows. Posterior to
rows of hooks is a narrow zone of scattered, single
pointed “hooks” or “‘spines™, closely resembling
those more anteriorly, but which are much smaller
and lack fine internal markings. Posterior part of
introvert with out spincs. Small, truncated to sub-
conical papillac lic between rows of hooks and on
surface of trunk. Tentacles short, few and finger-like
lying in a part tving dorsal to mouth as in
Phuscolosoma.

-

FIG. 91. Paraspidesiphon johnstoni, (specimen from
Queensiand).

Shields dark gold to red brown in colour, wartlike
in texture and appearance and prominent. Anal
shield fan-like, lving obliquely to trunk and
possessing 10-16 complete and incomplete furrows
which radiate dorso-ventrally like ribs of a fan.
Posterior shicld conical, often carrying a rim at

Junction with trunk and possessing 22-28 complete

and incomplete radial furrows. Furrows of both
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shields may extend over lateral margins of shield,
thus making surface of trunk joining shiclds appear
furrowed. Furrows correspond approximately to
tissue between longitudinal muscles.

Body wall thick and longitudinal musculature in
25-32 unustomosing bundles. Circular musculature
tends to form fascicles. Retractor muscle very
strong, arising from two short roots each of which
spans muscles 1-8, 2-7, 2-6 and 1-9 well in front of
caudal shield. Oesophuagus attached to retractor
muscle tor part length of latter. Intestinal spirals
numerous and extend to posterior of trunk.
Nephridia tubular, about three quarters as long as
trunk and fixed for anterior quarter. No intestinal
fastener and no rectal caecum. Wing muscle strong;
in addition two strong muscles arc attached to
rectum near anus and tun transversally across body
wall to muscle 1 or 2 on cach side of nerve cord.
Spindle muscle stout, ansing anteriorly from body
wall under rectum, and fixed posteriorly. A strand of
fine tissue connects rectum iand body wall in some
specimens, Contractile vessel without villi.

Systematic  position:  The specimens closely
resemble P. klunzingeri (Selenka & de Man) in the
shape and marking of the introvert hooks and in
internal anatomy. They differ from 1t however, in
that (1) no rectal sac bearing numerous lobes on
both sides 1s present (“'am Rectum sitz cin grosser,
an beiden Seiten vielfach gelappter Blindsack™) (2)
they lack a well defined region of introvert splnes
and to a less extent (3) the spindle muscle arises
from the hody wall under the rectum and not in front
of the anus (*‘Ein Spindelmuskel nimmt unmittelbar
vor dem After seinen Anfang'),

The Australian spe¢imens also  resemble P.
pachydermatus (Wesenberg & Lund, 1937), P.
grandis (Sato, 1939) and P. cumingii (Baijrd, 186R),
They differ in that the last three species possess
reetal appendages as clearly shown in Wesenberg-
Lund 1937, fig. 9, Sato, 1939, fig. 50 and Selenka &
de Man, 1883, fig. 186b. They also differ from (1) P.
angulatus (Tkeda, 1904) in the internal markings of
the hooks (2) P. speciosus (Gerould, 1913) in the
shape of the hooks and the number of longitudinal
muscles (3) P. schnehageni (Fischer, 1913) in which
the shields are not furrowed, the longitudinal
muscles 10-14 and in which there is no fastening
muscle (Ditadi, 1975). and (4) P. renuis (Sluiter,
1886) in which the hooks are long and slender.

Edmonds (1956, pp, 308-9) identified two
specimens from Low ls. as Aspidosiphon klunzin-
geri, remarking at the time that they lacked rectal
appendages, 1 now think that [ was wrong in 50
doing. I have re-examined them and consider that
they should be placed in the synonymy of P.
Johnstoni,
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Specimens examined and localities: Queensland Rainc Is, (11°35" S, 144° 1" E) coll. I. M. Thomas,
—Low Is., (2) coll. Dr. P. E. Gibbs, SAM 1274; SAM E1272; Moreton Bay, in coral (8) coll. T. H.
Two Is., (4) coll. Dr. P. E. Gibbs, SAM E1273; Johnston SAM E1270,
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FIGS. 92-102, Figs. 92-93, Paraspidosiphon formosanus; 92, dissected specimen; 93. introvert hooks, spines and papillae. Figs. 93-96,
Aspidosiphon gracilis: 94, dissected specimen; 95, introvert hooks; 96, spine fram introvert. Figs. 97-99, Aspidosiphon jukesii: 97,
introvert hook: 98, introvert spine (same scale as 97): 99, trunk papilla. Figs. [00-102, Paraspidosiphon johnstoni; 100, dissected
specimens 101, posterior shield; 102, introvert hooks.
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Genus Cloeosiphon Grube

Cloeosiphon Grube, 1868b, p. 48; Sclenka & de

Man, 1883, p. 126; Stephen & Edmonds, 1972,

p. 267.

Description: Trunk surmounted by a rounded 1o
pineapple shaped cap, consisting of numerous.
small, white, calcareous piates, Introvert arises from
centre of cap. Rows of two-pointed hooks present on
introvert. No cap or shield at posterior of trunk,
Longitudinal muscles continuous. Spindle muscle
fixed posteriorly. Two nephridia.

Type species: C. aspergillus (Quatrefages, 1865).

Remarks:  Although four species have been
described in this genus most workers consider them
to be synonymous. C. aspergillus is commonly found
in coral formations in most tropical seas.

Cloeosiphon aspergillus (Quatrefages)
(Figs. 15, §7-88)

Loxosiphon aspergillus Quatrefages, 1865, p. 605, pl.
20, fig. 20.

Cloeosiphon aspergillus: Selenka & de Man, 883,
pp. 126-7, pl. 2, figs 23-24, pl. 14, figs 214-216;
Edmonds, 1956, pp. 309-310, fig 21, pl. 3, fig 2;
Stephen & Edmonds, 1972, pp, 267-268.

Location of type: Not known by author: type
locality: 77

Description: Trunk cylindrical, 10-45 mm long
and 2.5-4-9 mm wide, bearing antertorly a white,
calcareous knob or cap, 2-5 mm in diameter and
composed of small, white, polygonal plates of 4-6
sides, arranged in spiral rows, Each plate possesses a
small brown pore. No cap, shield or knob at
posterior extremity. Introvert slender, about as long
as trunk, arises from cenire of anterior ecap and
armed with double-pointed hooks. No spines on
introvert,

Longitudinal musculature continuous. Trunk
smooth although covered with glands, Jargest and
most closely placed on anterior and posterior
surfaces, Single retractor arising from two short
roots. One fastening muscle. No intestinal caecum
spindle muscle fastened posteriorly. Nephridia dark,
long (extending to base of retactor) and fixed for
their entire length.

Systematic position: The identification of these
specimens depends on the presence of the calcareous
cap or knob and the shape of the introvert hooks.
The cap is sometimes rounded, sometimes shaped
like a pineapple or more flattened. The internal
marking of the hook also varies ta some extent, A
number of authors consider that C, japonicus Tkeda,

1-74 Jonuary, 1980

1904, C. javonicus Sluiter, 1886 and C, mollis
Selenka & de Man are synonymous. The matter is
discussed in Stephen & Edmonds, 1972, p. 268.

Previous Australian records: Queensland: Munro,
1931, Edmonds, 1956,

Distribution: (1) in Australia: Queensland (in
coral formations); Low Is., Heron Is., Lodestone
Reef, One Tree 1s.

(2) clsewhere: widely in the Indo-Pacific region.

Specimens examined and localities: Queens-
land—Heron, Is., SAM E1292 (8), E1293 (1), E1294
(2). Low Is,, SAM E1301 (4); Townsville SAM
E1295 (1).

Genus Lithacrosiphon Shipley

Lithacrosiphon Shipley, 1902, p, 139; Fischer, 1919b,
p. 289, Fischer, 1922, pp. 26-28; Stephen and
Edmonds, 1972, p. 259; Cutler and Jurczak,
1975, p, 243,

Description: Anterior end of trunk surmounted by
a hard, calcareous, cone-shaped cap borne on a pad
of skin: longitudinal muscles fit into pad. Introvert
arises on ventral side of trunk or cap and bears
numerous rows of hooks with one or two points.
Longitudinal muscles form bands which may
anastomase freely, Two retractors and two nep-
hridia. Spindle muscle fixed posteriorly.

Type-species: Lithacrosiphon maldivensis Shipley,
1902.

Remarks: All the species so far described have
been found in formations of coral. Cutler and
Jurczak (1975) have critically reviewed the genus
and reduced the number of species from 9 1o 3. The
valid species. are now L. maldivensis Shipley (the
type), L. cristatus (Sliiter) and L, wuniscittatus
(Tkeda). Only L. cristatus has been found in
Australia,

Lithacrosiphon cristatus (Sluiter)
(Fig. 16)

Aspidosiphon cristatus Sluiter, 1902, p. 26, pl. 2, figs.
15-16.

Lithacrosiphon cristatius Fischer, 1922, p. 26; Cutler
and Jurczak, 1975, p. 243.

Location of type: Zoological Museum, Amsterdam;
specimen from Malaysia (Siboga Stn. 53,
Waingapu),

Description: Specimens small; trunk of largest
9 mm long and 3 mm wide. Anterior region of trunk
with form of a truncated cone, the surface of which is
marked with a pumber of almost longitudinal
furrows. Posterior to furrowed area trunk bears
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Remarks: The shape of the hooks is a very useful
specific character of this species.

No previous Australian record.

Distribution: (1) in Australia: Great Barrier Reef,
Queensland.

(2) elsewherc: an Indo-Pacific species: Natal,
Aboina, Java, Indo-China, Philippines, Japan,
Tokara Is., Palau, West Caroline Ts.

Specimens examined and localities: Queensland
—Great Barrier Reef at Three Is,, (2) SAM E1315
and at Casuarina Beach, Lizard Is., (2) WAM
220/76..

Phascolosoma (Phascolosoma) annulatum Hutton
(Figs. 103, 107-8)

Phascolosorma annulatum: Hutton, 1879, p. 278
Benham, 1903,p. 174; Edmonds, 1960, pp. 160-
2, text figs, 1-2: Stephen and Edmonds, 1972,
pp. 296-297; Cutler, 1977, p. 151,

Physcosoma scolops var. mossambicense Augener,
1903, p. 339 (in part).

Physcosoma scolops var. tasmaniense Fischer, 1914,
p. 3, pl. 1, figs. 4-6.

Physcosoma scolops Wheeler, 1938, p. 346,

Phascolosoma tasmaniense Edmonds. 1956, pp. 285-
280, figs. 5-6.

Location of type: Not known by author: specimen
from Campbell 1s,, New Zealand.

Description: Trunk 25-49 mm long and 4-7 mm
maximum width, Introvert about as long as trunk (in
fixed specimens), with 20-30 short finger-like
tentacles lying in a near ring dorsal to mouth.
Numerous rows of dark coloured introvert hooks,
resembling those of P, scolops (Selenka and de Man)
and P. agassizii Keferstein. The hook possesses (1) a
clear streak (sometimes swollen near its middle)
running down through the “centre” of the hook and
(2) aclear triangular area on one side of the streak.

Specimens brown but anterior and posterior of
trunk made dark- to red-brown or almost black by
pigmentation  of papillae. Papillae at base of
introvert dark ved, conical and closely packed,
particularly on dorsal surface; those on anterior and
posterior surface of trunk largest, most prominent,
conical or hemispherical, about 0-2-0-4 mm in
diameter and densely packed. Papillae may coalesce
or run into one another; composed of polygonal
plates set closely together. At base of papillae there
1s usually an almost complete ring of what appears to
be darker plates. much asis shown for Phascolosoma
Japonicum (Griibe;) by Sato (1939, fig 29). Papillac

on mid-region of trunk smaller and more scattered,
A feature of the species is that dark-brown
polygonal plates are scattered over the surface
between papillae. Whether they are detached plates
of the larger papillae is not certain, A number of
pigmented bands, usually best developed on dorsal
side, partly surround anterior surface of introvert.
Pigmented patches sometimes appear on trunk.

FIG. 103, Phascalosoma annulanon, (specimen  from

South. Australia).

Longitudinal museles in 1825 anastomosing
bands, usually visible externally. Two stout ventral
retractors arising from muscles 2-5, 2-6,2-7, 3-5 or 3-
6 and two more slender dorsal retractors from 5-6, 4-
6 or 4-7 are attached to posterior half of trunk, One
fastening muscle, connecting muscle 1 on left side to
last spiral of intestine, may bifurcate giving a second
root to oesophagus. Contractile vessel without villj.
Spindle muscle uarises anteriorly near anus and is
fixed posteriorly. Nephridia, usually about half
tength of trunk fixed ro body wall for about half to
two thirds of their length and arising near anus.
Gonads at base of ventral retractors. Largest sub-
clliptical cggs 0:11-0:13 mm long. Rectal caecum
present in some specimens from South Australia
(SAM 1323), rudimentary or absent in others but
present in those from New Zealand (SAM 1324 and
1325).

Sytematic position: P. annulatum differs from all
other Australian phascolosomatids in the structure
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FTG. 104. Phascolosoma arcuanom,
from Rockhampton, Queensland).

(xpecimen

P. arcuatum, according to Green and Dunn, lives
from the highest to the lowest levels of mangrove
swamps along the west coast of peninsular Malaysia
and consequently is subject to extremely variable
salinities. According to their researches P. arcuatum
is physiologically an osmoconformer. Green (1975)
has studied the reproductive cycle of Australian
specimens.

Previous Australian records: Baird (1868), Fischer
(1895), Edmonds (1956).

Distribution: (1) in Australia: in mangrove flatsin
Queensland at Sandgate, Townsville and Rock-
hampton and in Western Australia at Derby,

(2) elsewhere: Malaysia, Indo-China, Philippines
and Java.

Specimens examined and localitics: Quecnsland
—mouth of Ross River “in mangroves” (8) SAM
E1335; Sandgatc (5) SAM EI336 and (3) AMS
W3605; Calliope River (3) “amongst mangrove
seedlings” SAM E1526; Townsville “in mangroves”
(10) SAM 1337, Western Australia—Derby (King
Sound) *‘in mangroves on tidal flat™ (2) SAM E1388
and E1389.

Phascolosoma (Phascolosoma) nigrescens Keferstein

(Fig. 112)

Phascolosoma nigrescens Keferstein, 1865, p, 424,
pl. 32, fig. 14-15, Edmonds, 1956, p. 289, text
fig, 9; Stephen and Edmonds, 1972, p. 315.

Phymosoma nigresecens Selenka and de Man, 1882,
pp. 73-74, pl. 9, figs. 130-137,

Location of type: Not known to author; specimen
from Fiji.

Description: Trunk 15-45 mm long and 2:5-6 mm
wide, light to dark-brown in colour, Introvert of
fixed specimens may be as long as trunk but usually
shorter, with group of short tentacles dorsal to
mouth. Smooth collar present on introvert and morce
posteriorly 18-35 rings of light to dark-brown hooks
(fig. 112). Although the clear area that runs from the
apex of the hook towards its base is always expanded
slightly in the middle, thc shape of the clear arca
basally varies noticeably; in specimens {rom Broome
there is a small hump but in those from Low Is. and
Myora the hump is enlarged to a tongue-like
protrusion. Introvert with stoutly conical papillae
(0-05-0:07 mm in diameter) between rows of hooks,
and usually with a number of pigmented bands on
dorsal surface.

Papillae on trunk and introvert numerous, pointed
and more unilorm in shape and distribution than in
most Phascolosoma, At posterior extremity of trunk
papillae concial to mamillate, about 02 mm tall and
0-2 mm broad, with a pore at apex and consisting of
dark coloured, elongate, radiating plates. A number
of very dark papillae may be scattered randomly on
trunk and introvert of specimens.

Longitudinal muscles in about 20 anastomosing
bundles. Two stout ventral retractors arise in mid-
third of trunk from muscles 1-7, 2.7, 2-8, or 3-9 and
two slenderer dorsal retractors more anteriorly from
6-8, 5-8 or 7-9, the dorsal and ventral muscle on
same side of nerve cord soon fusing. Strong spindle
muscle attached near anus and at posterior extremity
of trunk. Rectum and spindle muscle may fuse for
part of length. A fastening muscle to posterior
intestine may give a branch to oesophagus. Strong
wing muscle and rectal caecum present. Contractile
vessel simple. Nephridia fixed for half or third of
their length, about half as long as trunk and arising
at about level of anus.

Systematic position: This speccies is identificd
largely by the structure of its hooks as shown in figs.
130 and 135 of Selenka (1883) and in the present
material. Edmonds (1956) mentioned that the
contractile vessel of his specimens possessed very
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FIGS. 105-115. Fig. 105, anterior region of introveri of a Phascolosoma, showing position of tentacles, mouth and nuchal organ (atter
Theel). Fig. 106, Phascolosoma albolineatum: introvert hook. Figs. 107-108, Phascolosoma annulatum: 107. iatrovert hooks: 108,
trunk papilla. Figs, 109-1}1, Phascolosoma arcuatum; 109, dissected specimens 110, introvert hook: 111, trunk papilla. Fig, 112,
Phuascolosoma  nigrescens! introvert hooks, Fig. 113, Phascolosoma nigritorquatum: introvert hooks (from onc of Sluiter's
speaimens), Figs. 114-113, Phascolosorma neduliferim: 114, introvert hook: 115, truak papilla.

small villi. Although [ have not been able to re-
examine the same specimens | now think that 1
mistook some very small wrinkles or crenations of
the muscular wall of the vessel to be villi.

1t is difficult to find a satisfactory character which
can be used to distinguish P. nigrescens {rom P.
puntarenae Griibe. The relationship between the
two is discussed by Fisher (1952, p. 430-432). If they
are the same, P. puntarenae Griibe, 1859 has

priority. The species is often associated with coral
formations,

Previous Australian records: Queensland—Low
Is.; (Munro, 1931); Heron Is. (Edmonds, 1956).
Western Australia—Cape Jaubert (Fischer, 1921);
Shark Bay (Fischer, 1919a), Cape Dennison
(Edmonds, 1956).

Distribution: (1) in Australia—Queensland;
northern New South Wales; north west Australia.
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to idenufy, Fisher (1952) redescribed and figured it.
The species is probably better known in the
literature as P. dendigerum. The Australian speci-
mens were collected in coral rock. Rice (1976)
deseribes the feeding behaviour of the species.

Previous Australian record: Low Is., Queensland
(Monro, 1931).

Distribution; (1) in  Australia—Great Barrjer
Reef, Queensland.

(2) elsewhere—Baja California, Gulf of Panama,
Rotuma, Funfuti, Marshall Is., Eniwetok Atol,
Philippines, Laccadive Is., Batavia, Madagascar,
and the West Indies.

Specimens  examined and localities: Queens-
land—on Great Barrier Reef; Three Is., (1) SAM
E1365; Tree Is.; (2) SAM E1366; Onc Tree Is., (1)
AMS W5525; Lizard Is., “‘in coral” (3) SAM E1395.

Phascolosoma (Phascolosoma) rottnesti Edmonds
(Figs. 116, 124-126)

Phascolosoma rottnesti Edmonds, 1956, pp. 282-284,
text figs. 1-4.

Physcosoma agassizii Fischer, 1919a, p. 277;
Fischer, 1922, p. 7, pl. 1, figs. 3. 5 and 6,

Location of type: Australian Museum, Sydncy;
spceimen from Rottnest Is., Western Australia,
“from burrows in calcareous rock™,

Description: Trunk 10-52 mm long and maximum
width (in posterior third) 3-5 mm. Expanded
introvert of fixed specimens about as long as trunk.
Freshly collected animals pale to pink-brown in
colour except at extremities of trunk which are dark-
to red-brown. Red-brown bands, varying in number
and width, usually present on dorsal surface of
introvert, Trunk of few specimens is mottled by a
number of red-brown spots. Partial ring of tentacles
lies dorsal to mouth. From 15-45 rows of light to
dark brown hooks, resembling those of Phas-
colosoma scolops (Selenka and de Man 1883, fig.
143) and Phascolosoma agassizii Keferstein, 1867,
pl. 6, fig. 4 but not fig. 8, present on introvert
anteriorly. A clear triangular area is always present
on one side of the clear streak, which runs from the
apex of hook to its base.

Papillae between rows of hooks very small and
forming complete transverse rings; towards base of
introvert they are larger, about 0-1 mm in diameter,
pointed or conical and darker in colour. On anterior
surface of trunk papillae larger, especially on dorsal
side, 0-2-0-:35 mm in diameter, more hemispherical,
more densely packed and dark brown in colour. In
mid-trunk region papillae smaller, rounded, more
scattered and less prominent, On posterior surface
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F1G. 116. Phascolosama rottnesti. (specimen from
Rottnest Tsland, Western Australia),

they arc large, 0-2-0-45 mm in diameter, closely
packed and dark brown. All papillae consist of small
plates of almost uniform size.

Longitudinal muscles in 20-24 anastomosing
bands, not always visible externally. Four retractor
muscles, a strong ventral pair arising in posterior
half of trunk from muscles 2-5, 2-6, 2-7 or 3-7 and a
weaker dorsal pair more anteriorly from 4-6, 5-6, 5-7
or 6. Anterior oesophagus attached to dorsal
retractors by thin mesenteries, Spindle muscle
fastened near anus and at posterior extremity of
trunk, Contractile vessel simple, Onc fastener
arising from muscle 1 on left side joins last or
penultimate spiral of intestine, sometimes giving off
a branch to posterior oesophagus. Rectal caeccum
present. Nephridia, attached to body wall for about
half their length, about two thirds as long as trunk
and arising at about same level as anus, Brain
sometimes observed as slight swelling with two
eyespots, Gonads at base of ventral retractors.

Systematic position: The identity of the specimens
was discussed by Edmonds (1956, p. 284). They
resemble most closely Phascolosoma scolops
(Selecnka and de Man) and to a less extent
Phascolosoma agassizii Keferstein, two very vari-
able species. Edmonds (1956) considered that they
differed from P, scolops (1) in the structure of the
papillac (they have more uniformly distributcd,
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containing some hard food particles for a eaceum. In
addition the size and distribution of the platelets of
some of the newer specimens in my collection
approach more closely those of the two specimens of
P. scolops (named by Selenka) now in the Natural
History Museum, London. The differences then
between P. scolops and P. dunwichi then become
insignificant and the latter becomes a junior
synonym of the former.

What the distribution of the species is in Australia
is not known. Very few phascolosomatids from
northern and north-western Australia are available
for study. However, all the specimens of P. rottnestii
from south-west Australia that I have examined do
possess a well-developed caecum,

T
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Superficially P. scolops and P. stephensoni are
almost indistinguishable. The crescentic-shaped
clear area present on the hook of P. stephensoni,
however, is not present in P. scolops.

Previous Australian records: Queensland—Ed-
monds (1956); Monro (1931). Cutler (1977) reports
one speeimen off South Australia.

Distribution: (1) in Australia—Queensland.

(2) elsewhere—widely reported from the Indo-
Paeific.

Specimens examined and localities: Queensland
—Dunwich (on Stradbroke Is.) (1) in clumps of
mussels SAM E1339; (3) SAM E1340: (6)
SAM E1341.
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125

-\

——

0'05-

FIGS, 117-129. Figs. 117-119, Phascolosoma perlucens; 117, complete specimen: 118, spine-like papitlae from base of introvert (Figs.
117 & 118 after Fisher): 119, introvert hook. Figs. 120-121, Phascolosama pacificun: 120, intravert hook; 121, papilla from
introvert, Figs, 122-123. Phascolosoma scolops; 122 introvert hook: 123, trunk papilla. Figs, 124-126, Phascolosema ronnestiz 124,
dissceted specimen; 125, introvert hook: 126, trunk papilla (same scale as Fig. 123). Figs. 127-129, Phascolosoma siephensoni; 127,
introvert hook: 128, trunk papilla: {29, hook from onc of Stephen’s specimens.
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these Australian specimens does not match that of P.
granularum as shown in Selenka & de Man (1883, fig
147).

Stephen considered that the distribution of P.
stephensoni was localised along the coast of Natal
(Wesenberg-Lund, 1963 p. 126). The occurrence of
the species in Australia, Norfolk Is., Hawaii, etc.
shows that its range is Indo-Pacific. What is difficult
to account for is that it has not yet appeared
anywhere else in the Indian Ocean nor on the
western coast of Australia. In Australia, Hawaii and
the Solomon Is, it is usually associated with coral
formations.

The species differs from closely related species in
the markings on its hooks.

Previous Australian record: Queensland—Heron
Is., Low Is. (Edmonds, 1956).

1 S.indicus [¢)
2 8. robustus ®
3 S titubans o
4 X.mundanus ]
5 S.cumanense Vv
6 8S.vastum v
7 S.australe =
8 S.boholense ®
9 S.novaepommeraniae a
10 8. rotumanum A

SIPUNCULIDAE

(\veg
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Distribution: (1) in Australia—Queensland; New
South Wales; Norfolk Is., Lord Howe Is.

(2) elsewhere—South Africa; Hawaii (SAM
E1376-7); Solomon Is,

Specimens examined and localities: Queensland
—Caloundra (5) SAM E1372 and (1) AMS W19550;
Low Is. (3) SAM E1374; Albany Passage (North
Queensland) (2) AMS G11224; Heron Is. (3) AMS
W3597 (includes type of P. heronis) and (2) WAM
150/76; Norfolk Is. (2) SAM E1378. New South
Wales—off Coff’s Harbor (10) SAM E1373; Minnie
Waters (2) AMS W9247; Lennox Head (6) AMS
W10552; Arrawarra (2) AMS W10555; Lord Howe
Is. (2) SAM E1375; Lord Howe Is. (Salmon Beach)
(6) SAM E1531.
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FIG. 130. Distribution of Sipunculidae in Australia.



.Coriacea 9
.herdmani [

.improvisa © O

.margaritacea adelaidensis @

.misakiana
.murinae murinae
.ohiini

.pellucida
.schuettei
.semperi

PO OO OO DD O

.trichocephala-a

.Vulgaris queens.
. collare

. pacificum

.dehamata

bus e M BN * e < T B o B ]

. fusca

A REVISION OF THE SYSTEMATICS OF AUSTRALIAN SIPUNCULANS (SIPUNCULA) 69

minuta -]

cronullae GOLFINGIIDAE

. huttoni
cymodoceae . lageniformis
. variospinosa

A
<
+
dentalicolum v
x
0
4
v .steenstrupii

O 4 - -
> ®© o0 0

FIG. 131. Distribution of Golfingiidae in Australia.
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ASPIDOSIPHONIDAE

FIG. 132. Distribution of Aspidosiphonidae in Australia.
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FIG. 133. Distribution of Phascolosomatidae in Australia.
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